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Referred to simulations performed with the fluctuating boundary condition c
Referred to simulations performed with the coarse mesh r
Referred to simulations performed with the refined mesh r 1/2 Radial distance at which the excess velocity is half of the value of U m (mm)
Introduction 1
Nowadays, research in combustion is linked to applications that can provide alternatives to 2 reduce emissions and increase process efficiencies. Taking advantage of the gases produced 3 by combustion is a good way to achieve those targets. Recirculating gas combustion 4 products have shown to be useful in order to reduce NOx emissions by diluting the mixture 5 and thus controlling temperature levels [1] . Flame stabilization is improved as well as
6
NOx emissions due to the thermal energy carried by these gases, which act as the enthalpy 
where the variableP also includes volumetric forces, and the SGS stress tensor is:
The SGS tensor cannot be determined by the resolved scales, therefore it has to be 64 modelled (system closure). 
where S ij is the rate-of-strain tensor and ν t is the turbulent viscosity, both given by: 
where the viscous dissipation is usually taken as:
the sub-grid viscosity is modeled as:
and finally, the sub-grid stress tensor is calculated as follows:
The coefficients can be evaluated based on turbulence theory or adjusted dynamically.
89
In this case, C k = 0.094 and C ε = 1.048, which are the default values given by the code. 
111
The mesh used in this case ( A probe is located in the center of the domain, where the velocity field will be mapped
122
(at x = 9D). This probe helped to confirm whether the flow was already turbulent or not.
123
Fig 3 exposes the captured velocity in time and its mean. This confirms that after 0.01s 124 the flow is developed. This is also tested by the two point spatial correlation defined as:
The two point correlation behavior can be seen in The frontal view for mesh cell distribution is shown in Fig. 9 . The mesh core (core- 
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Refined mesh
160
The mesh is refined in the zone shown in 
LES quality assessment for the main domain
Power spectrum was also computed for the coarse and the refined meshes signals, 168 the same energy spectrum averaged by segments with length of 0.5 ms was calculated for 169 several axial distances from the nozzle, averaging the spectra over the segments. Again,
170
inertial range spectrum (−5/3 law) [34] was found, and also a slope of -7 indicating that 171 both meshes were also calculating scales from the dissipation range, suggesting that the 172 current resolutions, even the coarse one, were very fine (Fig. 11, 12 .) Table 3 shows axial velocities in the jet center for each simulation at several distances 183 from the nozzle. These magnitudes are used to obtain dimensionless velocity profiles.
184
As it has been said before, the aim of the study is to evaluate how the inlet boundary In this section, results obtained for the inert jet injected for both meshes (coarse and 189 refined) using the SMAG model closure by using the mapping strategy are presented.
190
This has been done in order to check if the velocity statistics obtained from both meshes
191
are consistent with experimental data. In Fig. 13 it is shown that the velocity decay In Fig. 14 radial velocity profiles and its fluctuations for both meshes are presented.
195
Again. results from both meshes almost fall on one single curve. The small variation in
196
the results also confirms that a mesh refinement was not necessary. 
Effect of inlet boundary condition
198
In this section, results of different two simulations are shown, they were obtained for 
Conclusions
249
In this work, a non-reacting jet with a co-flow stream was computationally studied. The 
